INTRODUCTION
Inorganic nitrogen compounds, N2,.NH3, NO3-, and so on, in the natural world are regulated in amount by the nitrogen cycle (Scheme 1).
Among those inorganic nitrogen molecules only NH3 can be converted into organic nitrogen molecules in the metabolism. Most of the higher plants and micro-orgasms that are not provided with the ability of N2 fixation reduce NO3-and N02-to produce NH3 (assimilation). On the other hand, various denitrification bacteria reduce NO3-and N02-to N20, which is further reduced to N2 (dissimilation). These enzymatic reductions N02- of those substrates can be performed by using an Fe-S o r Mo-Fe-S cluster as catalysts under the controlled potential electrolysis conditions.
Scheme1
Assimilation NO3-require multi-electrons. Such multi-electron reductions NH3NIitrificationi \ CH3N3 (6.6 x mol dm-3), and LiCl (0.24 mol dm-3) as a supporting electrolyte under He atmosphere, the reduction of CH3N3 produces equal amounts of CH3NH2 and N2 with a current efficiency nearly loo%, suggesting that almost all electrons transferred from the electrode to the clusters are consumed in the two-electron reduction of CH3N3 (eq. 1 ) . On the other hand, when the initial concentration of CH3N3 is decreased to 8.7 x 10-3 mol dm-3, the sixand eight-electron reductions to afford N2H4 (eq. 2) and NH3 (eq. 3), respectively, though the amounts are small.
MULTI-ELECTRON REDUCTION OF ALKYLAZIDE (AND DINITROGEN
Thus, in a homogeneous system the electron
transfer from the electrode to the cluster may not be so effective for the multi-electron reduction of CH3N3, since only the clusters on the electrode surface can accept additional electrons from the electrode to prompt the multi-electron reductions. aqueous Triton X-100 micellar solutions containing Na2S204 and methylviologen dibromide
The cyclic voltammograms of clusters 2 (L = DMF) and 3 both exhibit the (2-/3-) redox couple at E1/2 = -0.64 V z. SCE in an aqueous Triton X-100 micellar solution at pH 7.0. Thus, both clusters can be reduced by Na2S204 (Eo = -0.90 V s. SCE at pH 9.2) in aqueous micellar solutions. In addition, the reduced species produced in the reduction of cluster 2 or 3 with Na2S204 reduces g-CgHlqN3 catalytically to afford almost equal amounts of c-CgH11NH2 and N2 in an aqueous micellar solution MV2+ was added to the reaction mixture, the electron flow from S20k2-in water to clusters 2 or 3 in micelles was accelerated to increase the rates of reaction by 20 and 50 times, respectively, compared (MVBr2 1 .
at pH 6.0 (Table 2 ). When containing NaNO3 and H3P04-NaOH buffer produces NOz-, NH3, and H2 catalytically (Fig. 2) . The amount of NO2-formed increases with time for the initial 3 h, but thereafter remains almost constant.
On the other hand, the amount of NH3
increases linearly with time after a lapse of about 1 h. The current efficiencies for the formation of NOz-, NH3, and H2 were 7.7, 80.3, and 11.3%, respectively, during 5 h, suggesting that only the reductions of NO3-and protons take place under the present conditions. The turnover numbers for the formation of N02-and NH3 based on the amount of the cluster were 352 and 843, respectively, during 5 h. The saturation of N02-in water at about 3 h after starting the reduction of NO3-demonstrates that N02-is the first reduction product of NO3-. In fact, the reduction of NO2-with [Mo-Fe]/GCE under the electrolysis at -1.25 V vs. SCE in H20 (pH 10) containing NaN02 (5.0 x 10-1 mol dm-3) and HjP04-NaOH (0. H2N202) . The N20z2-anion, however, easily undergoes decomposition in H20 to give N20. The present N20 evolution in the reduction of N02-may, therefore, arise from the preferential dimerization of NO-to N~0 2~-rather than the reduction of NO-to NH20H owing to a decreasing ability of multielectron reductions caused by the anodic shift of the [Mo-Fe]/GCE potential.
Possible reduction pathways of NO3-with [Mo-Fel/GCE may be expressed as Scheme 2.
The rate-determining step may be the reduction of NO3-to N02-, since the latter is accumulated to some extent in the reaction mixture (Fig. 2) and NH20H is not identified in the reaction products.
when the reduction of N02-was conducted at -1.10 V ". SCE, at -1.25 V 5. SCE in H20 (pH l o ) , at a glassy carbon ring electrode in H20 at pH 10.
On the other hand,
